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Evaluating Air-Safety for the Co-Located Worker 
During Controlled Air Sparging of Consolidated TAN 
V-Tank Waste, Without Activated Carbon Adsorption 

1. INTRODUCTION 

The purpose of the Engineering Design File (EDF) is to document the expected risk to co-located 

workers of conducting V-tank remediation activities if the volatile organic vapor emissions (less than 

3 lb/hr, per 40 CFR 264.1032 of Resource Conservation Recovery Act [RCRA] guidelines) are released 

directly to the atmosphere. This EDF documents the expected worker risk associated with off-gas 

emission of the three primary volatile organic compounds (VOCs) known to be present in V-tank waste 

(trichloroethylene [TCE], 1,1,1-trichloroethane [TCA], and tetrachlorotheylene [PCE]), as well as the 

worker risk associated with vapors released from trace volatile or semivolatile contaminants with 

occupational emission limits (namely mercury, and toluene) that had been previously identified in the 

Remedial Design/Remedial Action (RD/RA) work plan for V-tank remediation.  

2. METHODOLOGY 

The approach used air-dispersion modeling in combination with predicted maximum stack 

emission levels to provide estimated air concentrations within the co-located work area. Air 

dispersion modeling was conducted for a 12-ft tall stack, both with the stack located in its exiting location 

(35 ft northeast of the Yurt) and a location 30 m northwest of its existing location (in case a slight 

relocation of the existing stack system would prove essential to safe operations). The derived air 

concentrations were then compared to Threshold Limit Value-Time Weighted Averages (TLV-TWAs) 

that have been established for these contaminants by the American Conference of Governmental 

Industrial Hygienists (ACGIH 2005), to define the safety of workers within the V-tank area during V-tank 

remediation operations. 

3. DETERMINATION OF MAXIMUM STACK EMISSION 
CONCENTRATIONS

Maximum stack emission concentrations for each of the three VOCs (TCE, TCA, and PCE) are set 

by the maximum allowed organic vapor emission rate of 3 lb/hr (see 40 CFR 264.1032 of the RCRA 

guidelines). These are the only VOCs with substantial concentrations in the V-tank waste. Therefore, it 

was conservatively assumed that the entire 3 lb/hr of allowable organics emitted during air sparging 

consisted of only these three organics. This EDF conservatively evaluates each of the VOCs separately, 

assuming that they each are emitted at up to 3 lb/hr (100% of the allowable organic emission rate). At an 

off-gas flow rate of 310 scfm, a 3-lb/hr release is equivalent to 2.58 g/m3,a irrespective of specific 

contaminant. 

Previous operations have shown that the maximum flow rate of the existing off-gas system is 

310 scfm. Assuming ideal gas law, such a rate of flow is equivalent to: 

(310 std ft3/min)  (28.3 L/ft3) / (22.4 std L/mole) = 392 moles/min, or 23,500 moles/hr. 

                                                     

a.  3 lb/hr  453.6 g/lb / 60 min/hr / 310 std ft3/min  35.31 ft3/m3 = 2.58 g/m3
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The maximum allowable emission rate of organics (3 lb/hr, or 1360 g/hr) was first divided by the 

molecular weight of the three VOCs to produce estimated maximum mole emission rates for each VOC, 

had they represented 100% of the total VOC emissions. The resultant mole emission rate for each VOC 

was then divided by the total mole/hr flow rate of off-gas (23,500 moles/hr, see above) to determine the 

resultant allowable stack emission (in ppm) for each VOC (again, assuming that they each represent 

100% of the allowable stack emission of 3 lb/hr. A summary of the calculations for each organic 

contaminant is shown in Table 1. 

Table 1. Maximum VOC Stack Emission Concentrations Used in Co-located Worker Off-Gas Evaluation. 

Property TCE TCA PCE 

Maximum Emission Rate (g/hr)a 1360  

(2.58 g/m3)

1360  

(2.58 g/m3)

1360  

(2.58 g/m3)

Molecular Weight (g/mole) 131.40 133.42 165.85 

Maximum Mole Emission Rate 

(Moles/hr = 1360 g/hr  molecular weight [g/mole]) 10.4 10.2 8.2 

Maximum Off-Gas Concentration 

(ppm = max mole emission rate  23,500 moles/hr  1E6) 441 434 349 
   

a. Emission rate based on conservative assumption that each VOC is the sole organic emission from the stack, at a 

particular point in time, and is therefore only limited by the 3 lb/hr organic limitation. Such an assumption provides a 

conservatively high stack emission, for evaluating air concentrations in the co-located worker area. 

In contrast with the primary VOCs, the peak off-gas concentration for mercury and toluene are 

based on the maximum off-gas concentrations that are estimated to occur if the waste is sparged with 

120 scfm of air (the maximum allowable sparge rate for the consolidated tank waste) and then diluted 

with 190 scfm of bleed air (for a total flow rate of 310 scfm). This is because the concentration of 

mercury and toluene in the V-tank waste is so low that increased sparge rates will have little effect on 

their actual emissions (other than making these values somewhat conservative). In addition, the mercury 

in the V-tanks was assumed to be in a mercuric chloride form, to provide a conservative estimate of the 

amount of mercury volatilized during sparging. The estimated peak mercury and toluene concentrations 

exiting the off-gas stack at a rate of 310 scfm are 0.21 ppm and 2.1 ppm, respectively. 

4. BUILDING HEIGHT AND LOCATION SURVEYS FOR 
DISPERSIVE AIR MODELING 

In preparation for air-dispersive modeling, a height and location survey was performed for the 

V-tank operation area. The survey involved the determination of both height and location coordinates for 

the existing location of the V-tank off-gas stack, the V-tank Yurt, two adjacent V-tank support trailers 

(the radiation control technology [RCT] trailer and job trailer), and nearby corners for Test Area North 

(TAN) buildings 666 and 607. Figure 1 shows a detailed layout of the V-tank Yurt structure and operating 

area (minus the exact location of the existing stack and the two support trailers), relative to TAN 

buildings 666 and 607. 

In addition to the building height and location surveys, information was also needed on the linear 

flow velocity (ft/sec) of off-gas exiting the 12-ft tall V-tank stack. This is done by first converting 

standard volumetric off-gas flow rates into actual volumetric off-gas flow rates, and then dividing the 

actual flow rate by the cross-sectional area of the stack. For purposes of calculation, it was assumed that 
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the temperature of air exiting the off-gas stack was 80 F (300 K), similar to that measured previously in 

the original off gas system. In addition, it was assumed that the atmospheric pressure surrounding the 

stack was equivalent to the average recorded atmospheric pressure at TAN in November (25.23-in. Hg, 

or 641 Torr, according to the Weather Station at the Idaho National Laboratory [INL]). These values were 

then used to convert 310 scfm of air into the following acfm of air: 

= (310 std ft3/min)  (300 K) / (273 K)  (760 Torr) / (641 Torr) = 404 actual ft3/min. 

The V-tank off-gas stack is made out of 8-in. diameter, sch-40 polyvinyl chloride (PVC) pipe. 

The average internal diameter of this pipe is 7.94 in. (0.662 ft). Dividing the actual volumetric flow rate 

(404 acfm) by the internal cross section area of the PVC stack pipe results in an estimated linear flow 

velocity of: 

= (404 ft3/min)  [(  / 4)  (0.662 ft2)] = 1170 ft/min, or 19.6 ft/sec (5.97 m/sec). 

The calculated linear flow velocity of 19.6 ft/sec was used in the air-dispersion model, along with 

the surveyed heights and location coordinates for the stack and adjacent structures. 

5. AIR-DISPERSION MODELING RESULTS 

Air dispersion modeling was performed with the Industrial Source Complex, third generation 

(ISC3) PRIME model (U.S. Environmental Protection Agency 1995), using the Lakes Environmental 

interface, Version 5.0. ISC3 incorporates standard Gaussian dispersion algorithms with user-supplied site-

specific meteorology to calculate air concentrations at user-defined locations. The PRIME portion of the 

model computes building parameters used by ISC3 to account for building wake effects. Buildings 

considered in the modeling were the project Yurt, the RCT trailer, the job trailer, TAN-666, and 

TAN-607. The emissions point was a stack with parameters: 

Height: 3.7 m (12 ft) 

Diameter: 0.2 m (8 in.) 

Velocity: 6 m/s (19.6 ft/sec). 

Initial testing focused on air-dispersion modeling with the off-gas stack located in its existing 

location, approximately 34 ft northeast of the Yurt. However, there were initial concerns that such a 

location was too close to the existing operating area. For this reason, a second air-dispersive model was 

performed, using the same building coordinates, but with the off-gas stack moved 30 m northwest of its 

original location. 

For ease in converting stack release concentrations to workplace air concentrations, a contaminant 

release rate of 1-lb/hr (0.126 g/s) was assumed. Three years (1996-98) of hourly meteorological data from 

the 10-m level of National Oceanic and Atmospheric Administration’s (NOAA’s) Loss of Fluid Test 

(LOFT) meteorological tower were input into ISC3 for dispersion modeling purposes. For modeling 

short-term average concentrations, a 100-meter lid height is assumed (Staley et al., 2004). Eight-hour 

average concentrations were then calculated on a uniform Cartesian grid of 400  400 meters, centered 

around the stack, with grid points (receptors) set at 10 m intervals (1681 total points). Concentrations 

were modeled at 1.5 meters (5 ft) above ground level to represent the breathing zone of the average 

human. 
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The resulting output file for the ISC3 Models are shown in Appendices A and B. Results from the 

air-dispersive model with the existing stack location found that the maximum 8-hour average 

concentration was 326 μg/m3 or 0.33 mg/m3, assuming a 1-lb/hr contaminant release rate. Results from 

the air-dispersion model with the stack location moved 30 m northwest gave a maximum 8-hr average 

concentration of 224 ug/ m3 or 0.22 mg/m3 (assuming a 1-lb/hr contaminant release rate), only 30% lower 

than the original location. 

Contaminant profile maps that were produced by air-dispersion modeling of the V-tank area, for 

each of these conditions, are shown in Figures 2 and 3. As shown in these models, the highest expected 

work area concentrations (0.326 μg/m3 for the original stack location, and 0.224 μg/m3 for the moved 

stack location, per lb/hr contaminant release rate) appear to be on the lee side of the Yurt. 

6. PEAK CONTAMINANT AIR CONCENTRATIONS 
IN THE WORK ENVIRONMENT 

The resulting air-dispersive fractions identified in Section 5 of the EDF were then applied to the 

peak contaminant concentrations that may be emitted during V-tank waste sparging operations. For the 

primary organic contaminants, the air dispersive fractions of 326 ug/m3 and 224 ug/m3 for each lb/hr 

contaminant release rate were multiplied by 3 lb/hr (the maximum allowable organic vapor emission), to 

produce the expected peak contaminant concentrations that may be found in the workplace area. For 

mercury and toluene, however, the estimated off-gas concentrations of 0.21 ppm and 2.1 ppm, had to first 

be converted into lb/hr units of 0.0021 lb/hr and 0.0101 lb/hr (respectively)b, before multiplying the new 

values by the previously determined 326 μg/m3 and 224 μg/m3 (per lb/hr contaminant release rate) air-

dispersion fractions. 

Table 2 provides the results of the calculated peak contaminant air concentrations expected in the 

workplace area, for both the existing off-gas stack location, and an off-gas stack location 30 m northwest 

of the exiting location. 

7. PEAK CONTAMINANT AIR CONCENTRATIONS VS. FEDERAL 
CONCENTRATION LIMITS FOR WORKPLACE AIR 

Following the determination of peak contaminant air concentrations in the workplace, it is 

necessary to compare these peak concentrations against any concentration limits that have been set 

for workplace air. A review of the existing data indicates that the American Conference of Governmental 

Industrial Hygienists (ACGIH) has set TLV-TWAs for all five contaminants of concern: TCE, TCA, 

PCE, mercury and toluene (ACGIH 2005). The TLV-TWAs were first compared to the peak workplace 

contaminant air concentrations determined with the off-gas stack in its existing location, to determine if 

there is a need to move the stack farther away from the V-tank operations area. An evaluation of the peak 

workplace air contaminant concentrations for the relocated off-gas stack condition would only be 

performed if the first evaluation showed peak concentrations near or over the established TLV-TWAs for 

these contaminants of concern.

                                                     
b.  The ppm to lb/hr conversions were performed as follows: 

 Mercury: 0.21 E-6  310 scfm  28.31 L/ft3  60 min/hr / 22.41 L/mole  200.6 g/mol / 453.6 g/lb = 0.0021 lb.hr 

 Toluene: 2.1 E-06  310 scfm  28.31 L/ft3  60 min/hr / 22.41 L/mole  92.13 g/mol / 453.6 g/lb = 0.0101 lb.hr 
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Table 2. Estimated Peak Workplace Air Contaminant Concentrations for the Existing Off-Gas 

Stack Location and a Potential New Location 30 Meters Northwest of the Existing Location. 

Peak Workplace Air Contaminant Concentrations 

(mg/m3)

Contaminant 
Existing Off-Gas Stack 

Location

Off-Gas Stack Moved 

30 Meters Northwest 

TCE 978 μg/m3 672 μg/m3

TCA 978 μg/m3 672 μg/m3

PCE 978 μg/m3 672 μg/m3

Mercury 0.70 μg/m3 0.48 μg/m3

Toluene 3.29 μg/m3 2.26 μg/m3

Table 3 shows the peak contaminant air concentrations that have been determined with the existing 

off-gas stack location, vs. the TLV-TWAs for workplace air for each of the five contaminants. As shown 

in the table, the degree of air-dispersion experienced with the existing off-gas stack location is sufficiently 

large that the peak contaminant concentrations expected in the workplace area are less than 3% of the 

TLV-TWAs. As a result, the existing stack location is sufficient for protecting co-located workers in the 

V-tank operational area. The results show that there is no need to move the off-gas stack from its existing 

location in the V-tank operational area. Although such a move could result in a 30% decrease in 

contaminant air concentrations (see Table 2), the estimated peak concentrations for the existing location 

are already so low that such a move is not justified. 

Table 3. Peak Contaminant Workplace Air Concentrations, vs. Allowable TLVs, for the Existing Off-Gas 

Stack Location. 

Contaminant 

Peak Contaminant Air 

Concentration in the 

Workplace TWA-TLV 

Regulatory

Authority/ 

Application

Percent of 

TLV-TWA

TCE 0.978 mg/m3 50 ppmv (269 mg/m3) ACGIH/Workplace 0.36% 

TCA 0.978 mg/m3 350 ppmv (1910 mg/m3) ACGIH/Workplace 0.05% 

PCE 0.978 mg/m3 25 ppmv (170 mg/m3) ACGIH/Workplace 0.58% 

Mercury  0.70 μg/m3 250 μg/m3 (inorganic) ACGIH/Workplace 2.8 % 

Toluene 3.29 μg/m3 50 ppmv (188,000 μg/m3) ACGIH/Workplace 0.0018% 

8. CONCLUSIONS 

The results of the air-dispersion modeling show that operating the V-tank sparge system when 

controlling organic vapor emissions to a rate of less than 3 lb/hr, will produce off-gas contaminant 

concentrations in the workplace air that are substantially below (less than 3% of) the TLV-TWAs for each 

of the five contaminants of concern. Such a condition can be achieved without having to relocate the 

existing V-tank off-gas stack from its current location (approximately 34 ft northeast of the Yurt). The 

results further support the objective of continuing V-tank waste sparging operations without any mercury 

or organic vapor adsorption in the off-gas system, provided the rate of sparging is controlled to less than 

3 lb/hr of organic vapors released to the environment, per 40 CFR 264.1032.  
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Appendix A 

ISC3 Output File for the 
Air Dispersion Model of the 

Existing Stack Location 
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